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R ecent findings indicate that the pemphigus foliaceus (PF) 
antige n is involved in epidermal cell adhesion and th~t char-
acteristic PF lesions result from loss of this function as a 
consequence of autoantibody binding. In the present commu-
nication we present data on the epitopes involved in the 
human autoantibody binding to an immunologically reactive 
murine tryptic fragment of the PF antigen (tf-PF). 
Immunoprecipitation experiments showed that 39 PF sera, 
obtained from North American, Colombian, and Brazilian 
patients recognized only calcium-sensitive epitope(s) on the 
tf-PF. Immunofluorescence blocking experiments showed 
P emphigus foliaceus (PF) is an autoimmune skin disease characterized by loss of adhesion (acantholysis) betw~en keratinocytes of the upper epidermis and by Clrculatmg autoantibodies (AAb) that bind to the epidermal inter-cellular substance. These AAb were shown to induce the 
characteristic PF lesions in neonatal BALB/c mice by passive 
transfer [ 1] . W e recently showed that these lesions can be induced 
with greater efficiency and in shorter time by the passive tran~fer of 
monovalent Fab' fragments of the human AAb [2] . Tlus md1cated 
that the acantholysis results from blocking the function of the PF 
anti gen (Ag) as a direct consequence of the AAb binding. Subse-
quently, AAb binding to the PF Ag became a pnm_ary focus for 
understanding the molecular basis of the PF Ag function 111 epider-
mal cel l adh esion, as well as for potential specific therapy of the 
disease . However, very li ttle is known about the immunochemistry 
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Abbreviations: 
AAb: autoantibodies 
Ag: antigen 
CS: calcium-sensitive 
Con-A: Concanavalin A aga rose 
EDTA: ethylenediaminetetraace tate 
IF: immunofluorescence 
IP: immunoprecipitation 
IPB: IP buffer 
PF: pemphigus foliaceus 
PAGE: pol yacry lamide gel electrophores is 
SDS: sodium dodecyl sulfate 
TBS-C: Tris-bulfered sa line containin g 5 mM CaC12 
tf-PF: tryptic fragment of PF Ag 
that preincubation with tf-PF completely blocked th e immu-
nofluorescence of80% of the sera w h en tested on human skin 
substrate, and 86% of the sera when tested on murine skin 
substrate. These results show that the calcium-sensitive epi- 1 
tope(s) originally recognized on human PF complex, is (are) 
present on the murine tf-PF and constitute(s) a major anti-
genic region for the human PF autoantibodies. They also 
implicate this region of the PF antigen in the pathogenesis of 
PF as well as in epidermal cell adhesion. J Invest Dermatol 
96:144-147, 1991 . 
of this reaction, e.g., the structure of the epitopes invo lved, the 
affinity to respective AAb and the possibility of competitive interfer-
ence with this reaction. 
Korman eta! [3] have recently shown that the PF Ag is a complex 
of three polypeptide chains, and that the PF AAb specifically recog-
nize desmoglein I, a 160-kD desmosomal core protein in this com-
plex. A calcium-sensitive {CS) epitope in the PF complex was recog-
nized by two thirds of the PF sera [4] . Our recent demonstration of 
two soluble and immunologically reactive proteolytic fragments of 
the PF Ag paved the way to furth er characterization of the PF 
epitopes [5 -7]. The purpose of the present work is to study the 
relevance of epitopes present on the 45-kD murine tryptic fragment 
of the PF Ag (tf-PF) to the human autoantibodies, and to find if the 
CS epitope is among these epitopes. W e have recently shown that 1 
the murine tf-PF is a glycopeptide obtained from the extracellular 
portion of the PF Ag and is specifically recognized by all sera from 
PF patients [7]. In the present communication we show that the CS 
epitope(s) is present on the murine tf-PF and is the major antigenic 1 
region for human PF AAb. 
MATERIALS AND METHODS 
Sources of Sera Endemic PF sera were obtained from patients 
living in endemic areas of Brazil (n = 22) and Colombia (n = 12) 
[8] . Sporadic PF sera were obtained from five North American pa-
tients. All patients fulfill ed the clinical histologic and immunofluo-
rescence (IF) criteria of the disease [9{ Coi~troli;orma l human sera 
were obtained from healthy volunteers in our laboratory. 
Preparation and Radio labeling of tf-PF A crude preparation ' 
of murine tf-PF was obtained from BALB/c epidermis and radiola-
beled with 1251 as described previously [6,7). Briefly, neonatal mouse 
skin was trypsinized by incubation for 1 hat 3rC in Tris (0.01 M, 
pH 7.6) -buffered saline containing 5 mM CaCl2 (TBS-C) and 
0.25% bovine trypsin. The trypsinization medium was treated with 
phenylmethylsulfonyl fluoride (1 mM) and passed throu gh a con-
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Figure 1. Evaluation of indirect IF on human skin substrate. Top, middle, 
and boll om panels represent-,++, and++++ IF. Complete blocking was 
reported if++ ++ or+++ value changed to- va lue afte r incubation. of the 
serum with tf-PF preparation. 
canava lin A agarose (Con-A) co lumn (1 X 10 em). The Con-A -
bound glycoproteins were eluted by 0.2 M alpha methylmannoside, 
concentrated and dialyzed against TBS-C. This Con-A bound frac-
tion was radiolabeled by the lodo-Gen method (7,10] . 
Immunoprecipitation (IP) of tf-PF Each serum was tested by 
IP both in the presence and absence of Ca++ to detect the CS epitope 
and the presence of autoantibodies that recognize it. IP was done by 
incubation of 10 ,ul of serum with 20 ,ul of radiolabeled crude tf-PF 
preparation for 1 h at room temperature in a fin al volume of 0.5 ml 
of IP buffer (IPB) made of 1% Nonidet P-40 in either a) TBS-C or 
b) phosphate (0.01 M, pH 7.4) -buffered sa line containing 5 mM 
ethylenediaminetetraacetate (EDTA). These volumes of sera and 
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crude tf-PF were selected (see results) so that there was large anti-
body excess and the amount of Ag was the limiting factor. This 
assured the highest sensitivity in AAb detection. This was followed 
by another 1 h incubation with 5 mg of lyophilized Cowan strain 
Staphylococcus aureus (Sigma C hemical Co., St. Louis, MO) with 
intermittent shaking. After centrifugat ion , the pellets were resus-
pended and washed twice in the respective IPB. The adsorbed im-
munoprecipitates were finally extracted in 0.1 ml of 1% sodium 
dodecyl sulfate (SDS) 5% beta-mercaptoethanol by boiling for 3 
min and examined by 50S-polyacrylamide ge l electrophoresis 
(PAGE, 11 % gels) and autoradiography, as described [5-7]. 
Blocking of Indirect IF PF sera were titered by indirect IF on 
human skin substrates as described [11 ,12]. Fourteen PF sera from 
Brazilian (n = 6), Colombian (n = 6), and North American (n = 2) 
patients having titers ranging from 320 to 1280 were selected for 
this experiment. It has been previously shown that PF sera recog-
nize the PF Ag specifica lly by their AAb; therefore fract ionation of 
the sera to prepare IgG was not necessary for this set of experiments 
(7]. PF sera were diluted 1: 80 with TBS-C. Aliquots (75 ,ul) of the 
dilute sera were incubated for 1 hat 20oC with 0, 10, or 25 1Li of an 
unlabeled crude tf-PF preparation (total protein was 3.2 mg/ ml as 
determined by absorbance at 280 nm) and tested by indirect IF using 
either human or murine (from neonata l BALB/c mice) skin sub-
strates . The intensity of intercellular fluorescence was evaluated 
independentl y by three different investigators and ass igned values 
ranging from- for negative IF to++++ for the strongest IF (Fig 
1). The specificity of IF blocking by the human and murine tf-PF 
preparation has been previously established [6,7]. 
Figure 2. Autoradiogram of SDS-PAGE of immunoprccipitates of crude 
tf-PF preparation with four sera from North American NA sporadic PF, five 
sera of Brazilian (BR) endemic PF, and five sera of Colombian (CO) PF. 
Each se rum is tested in the prese nce of 5 mM Ca++ (left la11e of each pair) and 
in the absence ofCa++ and in the presence ofS mM EDTA (righ t lane of each 
pair). Notice the presence of the 45-kD tf-PF (indicated by arrowhead at the 
left) in the presence of Ca++ in all sera. Black squares in the top right lane show 
the position of bovine serum albumin (B), ova lbumin (0) , and carbonic 
anhydrase (C) molecular weight standards. 
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Table I. Blocking of IF by Murine tf-Pf U sing Human and Murine Skin Sections 
Serum C haracterization 
Seri al 
N umber Geographica l Origin Titerb 
1 N . America 320 
2 Colombia 320 
3 Colombia 320 
4 Colombia 320 
5 Colombia 320 
6 N . America 640 
7 Brazil 640 
8 B raz il 640 
9 B razil 640 
10 Brazil 640 
11 Colombia 640 
12 Colombia 640 
13 Braz il 1280 
14 B raz il 1280 
0 
+++ 
+++ 
+++ 
+++ 
+++ 
++++ 
++++ 
++++ 
++++ 
++++ 
++++ 
++++ 
++++ 
++++ 
IF Evaluation After Incubation w ith the Indicated 
Volumes (.ul) of tf-PF Preparation' 
Human skin substrate 
10 
+ 
++ 
+ 
+ 
++ 
+++ 
25 
++ 
+ 
+++ 
M ouse skin 
25 
+ 
++ 
• Each se rum (75 pl of X 80 di lution in TBS-C) was incubated for 1 h ac 20 ' C with chc given volume of a cf-PF preparation, and was chen tested by !Fon frozen sections of human 
foreskin or noconacal BALB/e skin . Evaluation was done by th ree di fferent investigators: - for negative and + to++++ for various degrees of positive interce llular fluorescence. 
b T iters we re determined by IF usmg frozen human foreskm sccnons. 
RESULTS 
Preliminary IP experiments in the presence of Ca++ showed that the 
45-kD fragment l6,7] was detectable by autoradiography as a dark 
band with different volumes of an average titer PF serum (titer= 
640) ranging from 0. 5 to 20 11!. The intensity of the 45-kD band 
was greatest using 5 /LI of serum. In subsequent experiments, 10111 
of sera were routinely used to achieve higher sensitivity in the 
detection of subsets of AAb such as those directed to the calcium-in-
dependent epitopes. From these preliminary results, it can be calcu-
lated that reactive autoantibodies present at titers as low as 40 could 
be easil y detected by the present IP protocol (using 10111 serum) . 
IP experiments in the presence and absence of Ca++ showed that 
all 39 sera tested precipitated the 45-kD band only in the presence of 
ca++. A representative sample of the results obtained with sera from 
different geographical areas is shown in Fig 2. Although the titers of 
these sera ranged from 80 to 5120, all showed a heavy 45-kD band 
in the presence of Ca++, w hereas no bands at all could be detected at 
the same position, i.e., 45-kD in the absence of Ca++ (Fig 2) . It is to 
be noted that all the o ther bands have been previously shown to be 
non-specific and non-immunologically precipitated, i.e., they were 
precipitated even in the absence of serum [7] . 
T he results of IF-blocking experiments are shown in T able I. 
When tested on human skin, eight of the 14 sera tes ted were com-
pletely blocked and six were partially blocked by_ 10 111 of the crude 
murine tf-PF preparation. Three of the latter SIX sera were com-
pletely blocked by increasing .the volume of the murine tf-PF prepa-
ra tion to 25 /Ll. Thus, approxunately 80% of the sera could be com-
pletely blocked by the murine tf-PF preparation. Wl:en tes ted on 
murine skin, only two of the sera were found to be mcompletely 
blocked by 25/Ll of the murine tf- PF preparation. Thus, 86% of the 
sera were completel y blocked by the murine tf-PF preparation when 
tes ted with murine skin substrate. 
DISCUSSION 
The murine tf-PF is a small fragment of the PF Ag representing less 
than one thi rd of the w hole molecule. The fac t that it was specifi-
ca lly immunoprecipitated by all PF sera showed that it carried epi-
topes recognizable by AAb in these sera [7] . However, this does not 
show whether a signifi cant or a minor fraction of the PF AAb are 
directed to the epitopes carried on this fragment. This question is 
critica l because the AAb are human and the Ag frag ment is from a 
di stantly re lated species , the mouse . The CS epitope was discovered 
by Eyre and Stanl ey in IP experiments using the intact human PF 
complex [4] . They found that only one third of the PF sera could 
recognize the complex in the absence of Ca++, w hereas all the sera 
recognized the complex in the presence of Ca++. The IP experi-
ments with the murine tf-PF in the present report showed that none 
of 39 PF sera from different geographical areas and with wide range 
of titers (80 -5120) had any detectabl e AAb directed to calcium-in-
dependent epitopes in this fragment, whereas all sera had AAb di-
rected to the CS epitope(s). Thus, all the epitopes detected by 
human AAb on the murine tf-PF are CS . The calcium-independent 
epitopes detected by Eyre and Stanley may be human-specific epi-
topes or may be present on parts of the murine PF Ag other than the 
tf-PF. 
IF-Blocking Studies with Human Skin Substrate These ex-
periments demonstrate the relative abundance of the AAb directed 
t? the epitopes 011 the murine tf-PF, indicating that the major frac-
twn. of the total PF AAb are directed to these epitopes. Finding that 
the md1rect IF of 80% of the sera was completely blocked by prein-
cubation with the murine tf-PF preparation showed that the murine 
tf-;PF carried all the epitopes that can be recognized by the AAb in 
these sera. Furthermore, the IF of the remainder (20%) of the sera 
was m~rkedly reduced by preincubation with the tf-PF (Table I), 
showing that a major fraction of the AAb in th ese incompletely 
blocked sera was directed to the epitopes on the murine tf-PF. Thus, 
more t!.un 80% of the ~b in these sera, representing sporadic and 
endemic PF sera fro m different countries, recognize epitopes on the 
munne tf-PF .. Tl11S firml y establishes that these epitopes constitute 
th e maJor ant1 gemc determinant for the human AAb. 
IF-Blocking Studies with Murine Skin Substrate These ex-
peri~ents demonstrate the relationships between the human and 
nmnne PF Ag and between the murine PF Ag and its tryptic frag-
ment, the tf-PF. In particular, they show if there were AAb specific 
to epitopes that were not carried by the murine tf-PF. These AAb 
were detected only in three out of 14 sera (Table I). These findings 
suggest that the small proportion of AAb that are directed to epi-
topes other than th ose carried by the murine tf-PF may be directed 
to either human-specific epitopes (e.g., serum 9, T able I) or epitopes 
present on parts of the murine PF Ag other than the tf-PF (e.g., 
serum 14) . 
Although the present work has identified the localization of the 
CS epitope to the tf-PF that is less than one third of the intact PF Ag, 
the tf-PF is still a large fragment, 45 kD in molecular weight, that 
may carry numerous epitopes [13] . The present study shows that al l 
the epitopes on the tf-PF that are recognized by human AAb are CS. 
Because of the size of the tf-PF, it is quite likely that there are more 
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than one CS epitope. However, these CS epitopes are located in a 
small area of the surface of the PF Ag. The finding that more than 
80% of the human AAb are directed to this area makes it a major 
antigenic region of the whole molecule. This is simi lar to the ace-
tylcholine receptor, where a smal l region of the alpha chain is called 
rhe main immunogenic region because it is appreciably recognized 
by 60-70% of the myasthenia gravis patients' sera [14]. Other more 
recent examples of immunodominant regions or epitopes in autoan-
tibodies have been found in insulin and La (SS-B) AAb systems 
[15,16]. 
The presence of the CS epitope(s) in the tf-PF obtained from 
BALB/c mice indicates a high degree of conservation of this struc-
ture through evolution. This suggests its functional importance to 
the epidermal cells. Furthermore, the finding that all the AAb in 
80% of the sera are directed to this region indicate that its binding to 
PF AAb [ 1] or their monovalent Fab fragments [2] is the central 
pathogenic event in PF and implicates the CS epitope(s) in cell -cell 
adhesion. Calcium is required for the formation of desmosomal 
junctions between epidermal cells [17,18] and is required for the 
function of certain cell adhesion molecules, the cadherins [19]. 
However, the molecular mechanisms of these functions are un-
known. The implication of the CS epitope(s) of the PF Ag in this 
func tion is an important step towards the molecular identification 
of the role of calcium in epidermal cell adhesion . 
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